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HE fixation of atmospheric nitrogen by 

soil micro-organisms constitutes a natural 
means of supplying the soil with combined 
nitrogen and this has proved of inestimable 
value in supplying the nitrogen requirements 
of crop plants. In nature, the greater part of 
nitrogen fixation takes place through an asso- 
ciation of bacteria with the root nodules of 
leguminous plants and by means of heterotro- 
phic Azotobacter, besides the little amounts 
contributed by other autotrophic or faculta- 
tively autotrophic bacteria like Rhedospirullum 
rubrum, Chlorobium sp., Chromatium sp., ete. In 
recent years, another group of organisms, the 
blue-green algae, have been shown to play an 
important role in enriching soil fertility4,??, 
The chief ecological and agricultural import- 
ance of the blue-green algae depends on the 
ability of certain species to carry out both 
photosynthesis and nitrogen fixation4, Thus 
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these algae serve as an excellent source for 
utilising solar energy more efficiently for the 
production of organic matter in the soil, 
besides contributing considerable amounts of 
nitrogen to the soil by fixing the atmospheric 
nitrogen, Appropriately enough, considerable 
work is being carried out on the occurrence, 
distribution, physiology and effectiveness of 
these organisms, besides the biochemical aspects 
of the process of nitrogen fixation itself. In all 
these studies, however, only few genera like 
Nosloc, Anabaena and Gylindrospermum have been 
considered to the exclusion of many more 
genera which might also possibly possess this 
capacity to fix nitrogen. From the published 
data, it appears that certain of the advances 
on the subject relating to six major aspects 
would be of considerable interest as guiding 
principles in any future programme of utilising 
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these algae in our agriculture. The present 
paper is an attempt in this direction. 


OCCURRENCE AND DISTRIBUTION 


The blue-green algae capable of nitrogen 
fixation are widely distributed and abundant 
particularly in the tropical soils, although 
attempts to assess their importance have been 
largely restricted to certain localities only. 
The results so far obtained indicate that irres- 
pective of the nature of the soil, the blue-green 
algae show an overwhelming preponderance 
over other classes of algaec?,*,5,17,19,%, Surpris- 
ingly enough, in temperate countries the green 
algae dominate and the abundance of the 
blue-green algae in the tropical soils is in 
accord with the important role of the sub- 
acrial and freshwater algal flora of the Tropics'*. 
Watanabe? found that from 851 samples of 
paddy field mud collected from various dis- 
tricts of South and East Asia, 16 species of 
blue-geen algae possessed the capacity for 
fixing atmospheric nitrogen. This work was 
further continued in the Indian Agricultural 
Research Institute, by the author and his 
colleague? and it was found that there was a 
great preponderance of blue-green algae in 
the Delhi soils, most of which belonging to the 
nitrogen fixing genera like Nostoc, Anabaena and 
Cylindrospermum. The dominance of these algae 
in these soils suggests that these algae are of 
considerable importance in maintaining the soil 
fertility. Now time has come that a detailed 
exploration of the soils from various localities 
and the relative efficiency of the various species 
in fixing nitrogen, are determined and steps 
taken to culture them and propagate them in 
paddy fields where they do not exist. 


STRAIN VARIATION AND NITROGEN Fixinc 
CAPACITY 


It is well recognised that there are great 
differences in the amounts of nitrogen fixed by 
various genera and sometimes by the same 
species from different localities*®, The need for 
wide collection, culturing and testing for the 
relative efficiency of different strains is, there- 
fore, obvious. ‘The possible reasons for the 
reported differences in their efficiency in fixing 
nitrogen may be due to variations in the cultural 
conditions like light, temperature, nutrient 
deficiencies, etc. It is also known that the 
secret of increasing the nitrogen fixing capacity 
lies in the adequate supply of trace elements 
like molybdenum.",*,43 Likewise, the influ- 
ence of genetic constitution might also play a 
vital part in determining the capacity to fix 
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nitrogen. Thus, many physiological races be- 
longing to the same specific complex, but with 
different genetic constitution might be found, 
a fact which will largely contribute to the 
understanding of the differences in the bio- 
chemical activity of different forms. 


STRAIN COMPETITION 


In the field trials with algal inoculation, 
the competition between the indigenous soil 
algal flora in relation to the specific inoculum 
used, is a major deciding factor, and its practical 
importance depends on the existence of areas 
where native non-nitrogen fixing algal strains 
are prevalent in the soil, For, the successful 
introduction of an effective strain in an area 
depends on its ability to survive and compete 
with the native flora for establishment, growth 
and effective nitrogen fixation. One of the 
serious troubles encountered during the field 
trials in Japan is the proliferation of Daphnids 
which sometimes eat up the whole algal popula- 
tion within one or two weeks!®?4, This 
trouble was, however, eliminated by sprinkling 
the field with an adequate quantity of ‘Folidol’ 
(0.05 ppm). Prior to seeding, the paddy 
field water may be sprinkled with lime powder 
which will be effective in suppressing the growth 
of other algae and at the same time will lower 
the acidity of the water to a favourable level”? 
Despite these precautions, in some paddy 
fields, the inoculated blue-gréen algae did not 
grow, the reasons for this failure being un- 
known at present’. This warrants a critical 
study of the interacting chemical and biological 
factors in the soil as well as the general physio- 
logy of the alga. In the case of bacteria, 
antagonistic effects of other organisms are 
known to determine the proportions of different 
strains in the rhizosphere and the possibility of 
bacteriophage action for the absence of Riizo- 
bium in the soil is also well-known. Likewise, 
it is possible that antagonistic effects of other 
organisms may affect the successful survival 
of a particular algal strain and possibilities for 
the presence of algophages also cannot be ruled 
out. There is a great deal of indirect evidence 
to show that some algae can liberate anti- 
biotic substances", This is an important aspect 
which needs a thorough examination. 


Since the algal nitrogen is finally utilised 
by the plant as a nitrogen source after its con- 
version into an inorganic form like ammonia 
or nitrate, by the activity of soil bacteria, the 
nature of the local bacterial flora is an impor- 
tant factor in utilising these organisms in our 
agricultural practices. Det has shown that 
there was no marked difference in the total 
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amount of nitrogen fixed by blue-green algae 
alone and blue-green algae and bacteria under 
water-logged conditions. Thus he concluded 
that in such cases, the nitrogen fixation is essen- 
tially an algal process and the part played by 
bacteria is relatively unimportant. Watanabe 
and Kiyohara® studied the decomposition of 
blue-green algae as effected by the action of 
soil bacteria and concluded that the fertilising 
action of nitrogen-fixing blue-geen algae in the 
field may be considerably influenced by the 
bacterial flora, at least with respect to their 
effectiveness as a nitrogenous nutrient. 


PRODUCTION OF EXTRACELLULAR SUBSTANCES 


During the growth phase, micro-organisms 
excrete large amounts of soluble substances 
into the medium, some of which are biologically 
very important. One such instance is peni- 
cillin, which is an extracellular product of the 
fungus Penicillium notatum. ‘The idea that algae 
liberate extracellular products was put forward 
as early as 1908 by Putter, who suggested that 
a large proportion of materials produced in 
photosynthesis by algae escaped from the cells 
into the surrounding medium and these escaped 
substances formed an appreciable part of the 
diet of the aquatic organisms. 


The extracellular products liberated into 
the medium may be of considerable 
amounts!!525:44, The kinetics of nitrogen fixa- 
tion by blue-green algae has been studied by 
a number of workers!s"':*4. The studies con- 
ducted by the author at the Indian Agricultural 
Research Institute have shown that compara- 
tively large amounts of extracellular nitrogen 
was liberated during the initial stages of growth 
of the alga? and these were derived from 
healthy growing cells?" The extracellular 
nitrogen produced by Cylindrospermum sphaerica 
was unaffected by lower concentrations of 
nitrate while at higher concentrations it was 
significantly reduced**. This is a point to be 
borne in mind while applying these algae to the 
fields along with the commercial nitrogenous 
fertilizers. It was further observed that the 
liberation of extracellular nitrogen was decrea- 
sed by deficiency in molybdenum and signifi- 


cantly increased by deficiencies in potassium ` 


and iron!!,?3, 


The studies on the influence of root excre- 
tions on the algal population of the soil in 
general and of the rhizosphere in particular 
will contribute to an understanding of the 
complex problem of crop-alga association. 
Similarly the availability of the algal excretions 
to the crop plants also needs study. The 
recent finding of a Nostoc strain in the root 
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nodules of Egyptian Clover? may shift the 
importance of bacteria to these algae. The 
important factors in regulating the extent and 
accomplishment of increased soil nitrogen by 
algal activity are (i) the relative efficiency of 
their nitrogen fixing capacity, (ii) their carbo- 
hydrate status, (iii) rate of excretion of soluble 
nitrogenous compounds and their availability 
to the crop plants and (iv) the soil and root 
environment. 


The exact nature of the extracellular 
products of the blue-green algae is still obscure. 
Fogg" concluded that in the case of Anabaena 
cylindrica, the main substances were polypep- 
tides, while in the case of Calothrix brevissima, 
Watanabe”! observed considerable amounts of 
free amino-acids like aspartic acid, glutamic 
acid and alanine. These aspects were succinctly 
summarised by Fogg", 

Mass CULTURE AND SEEDING MATERIAL 

If these blue-green algae are to be used on 
a large scale as a green-manure for fertilizing 
the soils in our general agricultural practices, 
a supply of a large amount of the organisms 
as the inoculum becomes necessary, and the 
method to be devised for such mass culture of 


algae must naturally be consistent and econo- 
mical, 


This leads us into the study of algal physio- 
logy, mineral nutrition and growth dynamics. 
The blue-green algae are generally known to 
be sluggish in their growth but recent works! 
show that by suitably providing the required 
nutrients, the growth rate of these organisms 
can be considerably increased. In Japan, 
Watanabe and his colleagues? have devised an 
out-door ‘open-bubbling’ mass culture unit for 
growing Tolypothrix on a large scale and have 
obtained an yield of 6.4g. of alga (dry wt.) 
per square meter per day, ie., an yield of 7 
tons of alga per annum. This is equal to the 
quantity of the alga necessary for inoculating 
about 750 acres of paddy field for the purpose 
of changing its microflora*. 

Next important problem is how to preserve 
the alga obtained by the mass culture in a 
state as fresh as possible until use in the fields 
and how to distribute the seeding material to 
the farmers, since these organisms are very 
liable to putrefy in a wet state and to lose their 
multiplying ability within a relatively short 
period. As a practical method for preserving 
large quantities of the alga, a method of absorp- 
tion on a special fine porous volcanic gravel 
(kanwma-tsuchi) was devised by Watanabe, and 
the alga cultured on such moist gravels was 
found to retain the capacity for growth for at 
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least two years", This method of preservation 
was found to be preferable to the lyophilization 
method with respect to simplicity of procedure 
and the possibility of handling large quantities 
‘of alga at low cost*®*. The moist surface of 
fused magnesium phosphate fertilizer has also 
been found to be a good substratum for growing 
this alga and the chief advantage of this method 
is that this compound can be directly used by 
the rice plants. At the Indian Agricultural 
Research Institute, attempts to develop dry 
seeding material of these algae are being made, 
so that the cultures may be handled more 
freely and distributed to far off places without 
any possible damage to the alga. In this 
method, ordinary sand is washed several times 
with distilled water and soaked in nitrogen 
free-medium and sterilized at 20 Ibs. for 15 
minutes. The sand was mixed with concen- 
trated algal suspension and gradually dried in 
the sun light. The dried sand thus obtained 
can be stored in polythene bags or glass bottles. 
The capacity for revival of such dry sand cul- 
tures was examined by inoculating into nitrogen- 
free medium and it was found that the alga 
was able to revive even after two years. Similar 
revival experiments are required to be made 
under field conditions. If this method proves 
successful, it will be economical for preparing 
the seeding material in our country where there 
is plenty of sand and sunshine. 


Errect oN Crop PLANTS 


Japan is credited with the utilization of the 
blue-green algae as a green-manure in the 
rice-fields. Notable contributions are those of 
Watanabe and his colleagues**-“4, Members 
of several prefectural agricultural experiment 
stations in Japan are now engaged in this 
problem. Asa result of applying the nitrogen 
fixing blue-green alga, Tolypothrix tenuis, the 
yield of rice was found to increase by 2.7% in 
the first year, 8.4% in the second year, 19.1% 
in the third year and 21.8% in the fourth 
year on an average of eleven fields. It was 
further observed that in the first year, only one 
third of the alga which multiplied in the paddy 
fields was decomposed and absorbed by the 
rice plants and the remains were contained 
as the nitrogen fertilizer in the soil. This is 
the reason why the effect of the alga on the 
yield of rice increased year by year. In one 
field it was found that the inoculation of this 
alga was almost similar to that of manuring the 
field with 64 Ibs. of ammonium sulphate per 
acre as the additional fertilizer?’. 


The propagation of the blue-green algae is 
accelerated remarkably by the addition of 
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lime and phosphates. M, Shiori and S. Nishi- 
gaki concluded that while nitrogen loss is 
going on in the superficial oxidative layer due 
to the oxidation and leaching, nitrogen fixa- 
tion occurs, under favourable conditions, and 
if the nitrogen components of the algae is put 
in the reductive layer of the soil by such 
practices as weeding, etc., it will be converted 
into ammonia!®, S, Mitsui and T. Harada 
assumed that the reason why the soil is not 
impoverished by successive lime application is 
due to the fact that lime application accelerates 
the propagation of the blue-green algae and 
nitrogen is sufficiently fixed to compensate the 
loss induced by lime application’®. The inocu- 
lation of paddy field was performed during the 
period from June to August by seeding 130-650 
lbs. (fresh wt.) of the gravel culture (containing 
about 2-10 lbs. of dry wt. of alga) per acre*®, 


Det was the first to suggest that the high 
fertility of the rice fields in India and other 
tropical and subtropical regions of Asia may 
be at least partly due to the activity of the 
blue-green algae by fixing atmospheric nitrogen, 
He and his colleagues have consistently pursued 
this line of work and have shown perceptible 
increases in the yield of rice»? In pot culture 
experiments covering a period of five years 
both in presence and absence of algae, it has 
been shown that a gain of 30-40 ppm. of 
nitrogen resulted in the pots with algal 
growth®,®, In Bihar rice fields about 12.9 Ibs. 
of nitrogen per acre was reported to be added 
after harvest as a result of fixation by algae!’, 
It has been recently reported that in the cropped 
but unfertilised soils, fixation varied from 13.8 
to 44.4 Ibs. of nitrogen per acre and application 
of superphosphate at the rate of 60 Ib. of 
P,O; per acre stimulated nitrogen fixation only 
in soils relatively poor in this nutrient.’ 


Besides introducing a specific nitrogen fixing 
blue-green algal strain into the fields, it is 
also possible to increase the soil nitrogen 
content by strengthening the indigenous blue- 
green algal flora.. In Japan, application of 
lime is being adopted as a general agricultural 
practice, even when the correcting of soil 
acidity is not required aud the beneticial effect 
may be explained by the strengthening of the 
local blue-green algal flora!®, 


So far the effect of the blue-green algae 
has been studied in the rice fields, the water- 
logged condition of which provides an ideal 
environment for the growth of these algae. 
But their effect, time and method of mocula- 
tion for dry crops like wheat need experimenta- 
tion. 

The algalisation method, as outlined above, 
shows the possibility of utilising these micro- 
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organisms in our general agricultural practices 
for increased crop production and for main- 
taining the soil fertility. Thus the need for a 
thorough and systematic study of the tropical 
soil blue-green algae is obvious. In any attempt 
at planning for the purpose, the line of work 
suggested below stems from the review and 
discussions presented in this paper. 


It is essential in the first place to determine 
by a survey the blue-green algae present in the 
soils of the various regions in our country and 
their nature, distribution, abundance and 
effectiveness of various algal strains, Secondly, 
a study of the cultural behaviour of the various 
physiological strains has for its object an addi- 
tional means of classifying and isolating the 
strains with increased nitrogen fixing capacity. 
This may be followed by a study of the factors 
influencing the establishment and multiplica- 
tion in the soils of a specific strain in competition 
with other strains and other soil microfiora. 
The genetic constitution of various physiologi- 
cal races needs special emphasis. Our present 
day knowledge of the physiology and bio- 
chemistry of these organisms, the rhizosphere 


effects of root excretion and the interactions 
between various soil microflora is very in- 
adequate. Further, it is necessary to device 


an economical method for culturing these 
organisms in large quantities and for preserving 
the seeding material in a viable state. Above 
all it is necessary to set up a co-ordinated team 
work at various agricultural experimental 
stations in our country, to carry out these 
major investigations, 
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